Abstract Low birth weight has been reported as a risk factor for non-communicable diseases, which can be caused by metabolic dysfunction. Here, we conducted a retrospective study to define the correlation between birth weight and present physical characteristics/fitness in Japanese university students, by gender. The subjects were from among 1,333 healthy university students. They carried out a self-administered questionnaire on birth weight, physical characteristics, and exercise habits, and 8 types of physical fitness tests. We excluded data from subjects that lacked information in their questionnaire and those who were not a full-term single birth. Finally, data of 378 participants (28.4% of all subjects, 116 males and 262 females) were analyzed. We categorized the participants into lower and higher birth weight groups, based on the overall median value calculated for birth weight. The lower birth weight group of males demonstrated lower grip strength; however, there was no significant association after adjustment for height, weight, and exercise habits. The lower birth weight group of females showed higher scores on the 50-meter running test even after the adjustment for physical characteristics and exercise habits. These results suggest that lower birth weight males had a lower grip strength, which was strongly associated with their physical size. In contrast, higher sprint performance was shown to be independent of physical size in lower birth weight females.
Introduction
Low birth weight (LBW) is defined by the World Health Organization as a birth weight of less than 2,500 g 1) regardless of country or region. It is well known that the mortality rate of neonates with LBW is 20 times higher than those with a normal birth weight 2) . In addition, growing evidence suggests that LBW can also cause healthrelated problems in developed countries. The Ministry of Health, Labour and Welfare of Japan showed that the rate of LBW in Japan doubled between 1976 and 2011 3) . There are several causes of fetal growth restrictions, including maternal smoking 4, 5) , alcohol consumption 6) , malnutrition [7] [8] [9] , and high maternal age 10) . The addition of 450 kcal/day of energy during late pregnancy is recommended by the Dietary Reference Intakes for Japanese (2015) 11) .
However, most pregnant females do not ingest sufficient energy [12] [13] [14] [15] , which can result in LBW infant births. LBW is a risk factor for non-communicable diseases (NCD) 16) . In 1993, Barker et al. 17) reported that LBW had long-term implications; for example it was found to be associated with hyperglycemia, hyperinsulinemia, high blood pressure, and hyperlipidemia in middle-aged English males with a history of LBW. Following this research, the Developmental Origins of Health and Disease, a landmark publication on fetal life was accepted by many researchers in the field. The authors suggested that intrauterine growth restriction caused NCD in middle age, and subsequently this topic was studied in more depth. LBW was shown to cause type 2 diabetes mellitus [17] [18] [19] , obesity 19) , cardiovascular diseases 19, 20) , chronic kidney disease 21) and depression 22) . These diseases are associated with lower insulin sensitivity, higher oxidative stress, abnormal hormonal secretion, and growth retardation of *Correspondence: waoi@kpu.ac.jp the metabolic organs and nerve systems [17] [18] [19] , although the details of this mechanism are unclear.
Lower birth weight infants have lower bone mass 23) , and fat-free mass [24] [25] [26] , which may cause low physical fitness and basal metabolism. In addition, lower birth weight infants have a higher waist-to-height ratio, a predictor of obesity in girls 27) and middle-aged females 28) ; however the higher waist-to-height ratio was not found in boys and middle-aged males. Lower birth weight is a risk factor of obesity 16, 29) and metabolic syndrome 30) ; however, gender differences of adaptation to the intrauterine environment are unclear. Also, skeletal muscle of those with lower birth weight was shown to have a higher ratio of fast twitch fibers that exert high explosive power and a lower ratio of slow twitch fibers that are associated with high endurance. Furthermore, this trend was found in both humans 31) and animals 32, 33) . Muscle fiber types strongly affect energy metabolism and muscle strength 34) ; however, it is unclear whether this muscle fiber ratio can affect the physical performance of adolescents with a history of lower birth weight.
It has been reported that lower birth weight children have lower physical fitness such as grip strength 35) and oxidative metabolic capacity 36) . Most of the studies performed on lower birth weight children have been conducted in Europe and the United States of America, and therefore it is unclear whether these results are applicable to Asians, who have different physical characteristics, dietary habits, and lifestyles. In addition, these previous studies focused on children and older patients; however, adolescents have not been studied extensively. In this study, we aimed to define the association between birth weight, physical characteristics and fitness of male versus female Japanese university students.
Methods
Study design and subjects. The subjects were from among 1,333 students (487 males and 846 females) who attended exercise classes at Kyoto Prefectural University between 2014 and 2016. Overall, 607 students and their guardians (45.5%) agreed to participate in this study. The median age of participants was 18 years. After questionnaire surveys and physical fitness tests were conducted three times each year, we excluded 106 participants based on a lack of data in their questionnaire or due to the results of their physical fitness tests. Also, we excluded 123 participants due to the following criteria: being one of multiple births, gestational age less than 36 weeks, current smoking status, current alcohol consumption, history of pregnancy-induced hypertension, history of gestational diabetes, infection, threatened miscarriage, or threatened premature delivery during pregnancy. We finally included the data of 378 participants (28.4% of all subjects, 116 males and 262 females) in the analyses (Fig. 1) . All subjects were informed of the study purpose. Questionnaire. The subjects provided their height and weight at the time of admission, and their current exercise habits along with those at the age of 16 years. Body mass index (BMI; kg/m 2 ) was calculated as weight divided by height squared. Each guardian provided birth weight, gestational age, birth type (single/multiple) of the participants. History of a maternal smoking habit, alcohol consumption, and history of disease during pregnancy were also obtained.
Physical fitness test.
We assessed grip strength, side stepping, sit-up and sit-and-reach ability, 20-meter shuttle run endurance, 50-meter running endurance, standing broad jumping ability, and handball throwing results based on "The new physical fitness test execution guidelines" 37) . Handballs for the handball throwing test were second size (350 g and 18 cm diameter) for females and third size (450 g and 19 cm diameter) for males. Grip strength was assessed with GRIP D (T.K.K. 5401, Takei Scientific Instruments Co., Ltd., Osaka, Japan), sit-andreach assessments were performed with a digital sit-andreach meter (T.K.K. 5112, Takei Scientific Instruments Co., Ltd., Osaka, Japan) and the 20-meter shuttle run assessment was performed with digital sound (EKJ090, EVERNEW INC., Tokyo, Japan).
Statistical analysis.
For the statistical analysis, male and female variables were analyzed separately. In addition, the participants were divided into two groups (the low group: participants who scored lower than that the overall median score and the high group: participants who scored higher than that the overall median score) by their birth weight, present physical characteristics, and results of the physical fitness test. In the 50-meter running test, faster runners were categorized into the high group and slower runners were categorized into the low group. We also classified the participants into those who exercised more than three times per week versus those who exercised less than two times per week.
Median values (25 th -75 th percentile) were used to show physical characteristics and results of the physical fitness test. A Mann-Whitney U test was used to assess differences in physical characteristics and results of the physical fitness test between the lower and higher birth weight groups. We changed all the continuous variables to two-valued variables and used the Chi-square test to assess differences in physical characteristics, results of the physical fitness test, and exercise habits. We used logistic regression to calculate odds ratios of high scores in the higher birth weight category based on the lower birth weight category. We adjusted for height, weight, and exercise habits when calculating the odds ratios. P values less than 0.05 were considered significant. IBM SPSS Statistics for Windows Version 24.0 (IBM Japan Inc., Japan) was used for analysis.
Results
The median birth weights were 3,085 g and 3,047 g for males and females, respectively ( Table 1 ). The birth weights of 21 participants (5.6%) were less than 2,500 g, which was defined as LBW, while four participants (1.1%) were more than 4,000 g, which was defined as overweight. There were 72.4% males and 87.0% females with current exercise habits of less than two times per week and 45.7% males and 71.0% females who had exercise habits at 16 years old of less than two times per week (Table 2) .
For the males, lower height (P = 0.009), body weight (P < 0.001), BMI (P = 0.009) and grip strength (P = 0.047) were identified in the lower birth weight group. For females, lower height (P < 0.001) and body weight (P < Males (n = 116) Females (n = 262) P value 0.001) were identified in the lower birth weight group (Table 3) . Comparing the number of low and high groups for each variable, the lower birth weight group showed lower body weight (P < 0.001), BMI (P = 0.003) and grip strength (P = 0.039) than the higher birth weight group of males. The lower birth weight group showed lower body weight (P < 0.001) and a higher score on the 50-meter running test (P = 0.009) than higher birth weight group of females. There were no differences in exercise habits currently or at 16 years old (Table 4) .
The odds ratio of grip strength was 2.20 (P = 0.040) indicating that the lower birth weight group of males was more likely to have a lower grip strength than higher birth weight group (Table 5) . However, this result was not significant when we adjusted for present physical characteristics and exercise habits. The odds ratio of the 50-meter running test was 0.52 (P = 0.010) indicating that the lower birth weight group of females was more likely to have a higher score on the 50-meter running test than higher birth weight group. This result was significant when we adjusted for physical characteristics and exercise habits. There were no significant associations between birth weight and the results of the other six physical fitness tests.
Discussion
Here we assessed the association between birth weight and results of physical fitness tests in university students. We found that those in the lower birth weight group were physically smaller. Research shows that although small infants demonstrate catch-up growth by rapidly growing in early life, their height and weight do not surpass those of normal birth weight infants 38) . In addition, it has been reported that birth weight is positively correlated with fat-free mass 25, 36) and negatively correlated with body fat ratio 39, 40) . Fat-free mass is an important factor in assessing physical fitness because it affects muscle power 41) and maximal oxygen consumption 42) ; thus, low physical fitness in those with a history of lower birth weight can be caused by associated low fat-free mass in adolescents. Previously, birth weight has been shown to be positively correlated with grip strength in European children 43, 44) and adults 25, 26, 45) . Grip strength was also strongly associated with physical size, which caused weaker correlations be- 25, 43, 44, 46, 47) . Therefore, these results suggest that lower birth weight may lead to low grip strength and associated physical characteristics in young men.
Females with a lower birth weight showed high scores on the 50-meter running test. Higher sprint performance in lower birth weight females might be caused by skeletal muscle fiber type shifting. It is well known that skeletal muscle fiber types affect energy metabolic capacity. This can be explained by fast twitch fibers that contain a lower number of mitochondria compared to slow twitch fibers, resulting in low energy consumption 48) . It has been shown that middle-aged subjects with a higher fast twitch fiber ratio have more body fat mass and lower insulin sensitivity than individuals with a higher slow twitch fiber ratio 49) . In addition, power/sprint athletes who have a higher fast twitch fiber ratio, had a higher BMI and lower thermogenesis 50) . Therefore, a higher ratio of fast twitch fibers among those with a lower birth weight may be associated with greater sprint performance at a young age and higher risk of metabolic diseases at middle age. However, there was no significant difference observed between groups on the results of a 20-meter shuttle run test. In contrast to other methods to examine oxidative metabolic capacity, subjects can assess each endpoint with subjective sense, which makes it difficult to examine real maximum capacity. Because various factors are involved in the per- Table 4 . Association between birth weight, physical characteristics, exercise habits and physical fitness by gender Numbers (%) Chi-square test a In the 50-meter running test, faster runners were categorized into the high group and slower runners were categorized into the low group. * Low groups; Participants who scored lower than that the overall median score., High groups; Participants who scored higher than that the overall median score. formance of the 20-meter shuttle run test, it might not be appropriate for assessing muscle endurance and oxidative metabolic capacity. Gender differences in birth weight 3) , grip strength 51) , and physical activity level 52) have been researched in the past. In this study, physical characteristics affected grip strength; however, the 50-meter running test score was not affected by physical characteristics. A previous study also reported that adults with lower birth weight have lower fat-free mass, but a higher ratio of fast twitch fibers capable of exerting explosive power 31) . In addition, females generally have a higher ratio of slow twitch fibers in leg muscles compared to males 53) . It has also been demonstrated that high waist-to-height ratios are evident among girls and middle-aged females with lower birth weight; however, this trend was not seen in boys and males 27, 28) . These observations suggest that gender differences may affect the physical adaptation to intrauterine environment. Furthermore, body weight movement can be a critical factor supporting sprint performance, which explains how the 50-meter running test score was more influenced by body weight than grip strength. Taken together, both physical size and muscle fiber type strongly affect physical fitness, while skeletal muscle mass had a larger impact on grip strength. In addition, we found that body weight and muscle fiber type had a larger impact on sprint performance, which may explain the difference in outcomes among men and women.
The small number of participants was a limitation of this study. According to a population survey in 1995 3) , the percentage of LBW male infants was 6.7% while the percentage of females was 8.3% in Japan; thus, the ratio of LBW (5.6%) in this study was low. This low percentage may be explained by our exclusion of participants who were one of multiple births, had a premature birth, and whose mothers had a history of disease during pregnancy. We selected participants who were full-term single births. There was a small distributional range in birth weight; however, the selection of participants was advantageous for precisely assessing the influence of birth weight on physical fitness. In addition, the results showed that physical fitness level was even affected by relative lower body weight, not just (absolute) LBW, which is also an advantage of this study.
In conclusion, this study of Japanese university students showed that the lower birth weight group demonstrated lower grip strength among males and a higher score on the 50-meter running test in females. These results suggest that different relationships between birth weight and physical fitness in adolescence may appear by gender.
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